HILDA HEMPL HELLER molds to grow through them; where a mold can grow a bacillus can follow. (4) During prolonged incubation water of condensation may even run into the tubes from the top of the jar. (5) If stored in closed cans molds may grow through the plugs. Workers should take these points into consideration in planning their work. Anaerobic jars are exceedingly convenient and practical for periods of incubation under four or five days, and for much anaerobic study twenty-four to forty-eight hours incubation is sufficient. Prolonged incubation should be made under vaseline or in the case of sugar-free media in exhausted sealed tubes. Sealing of tubes is inadvisable where carbon-dioxide may be so confined that it produces an acid end-point. Re-incubation of cultures in exhaust jars should be cautiously undertaken so that the medium may not boil up to the cotton plugs. Anaerobic jars which do not require exhaustion are preferable for re-incubation of cultures.
The commonest contaminators of my cultures have been cocci and molds, not anaerobes. The reason that anaerobic contamination of anaerobe cultures is so very common probably lies principally in the uncritical handling of such cultures. If a coccus or mold contaminates a culture the worker immediately kills such an organism, but if an anaerobe enters the tube it proceeds to multiply unmolested. Daily watchful observation of the cultures studied is absolutely necessary for successful anaerobic work. I have not found indications of any so-called symbiotic tendency that makes anaerobes-more difficult to isolate than aerobes.
Anaerobes vary greatly in their behavior and requirements, and the method of isolation must be adapted to the problem in hand as it turns up. Each combination of two or more species of organisms presents different elements for consideration and for adaptation of technique. There is no one method that is always best, and it is only after a worker knows something about the nature of the particular organisms that he is dealing with, their cultural behavior, and their morphology in the medium in which he regularly grows them, that he is able quickly and surely to isolate numbers of strains.
It is, of course, desirable to make use of methods that may be applied to the largest possible number of species, that are easy of manipulation, and moderate as to cost of time and material.
The organisms present in material to be investigated may belong in any one of four large groups, which may be described as follows: ORGANISMS Whatever be the material that is to be investigated, a microscopic examination of a Gram stain is first in order. Practice only wir enable the worker to form judgments which will be of value to him. As hints to the beginner, one may suggest that there are an endless number of species of anaerobes and that specific diagnosis by microscopic examination is futile. There are frequently many species of anaerobes in the material that finds its way to a laboratory, and, unless a study of many strains is intended, the isolation or demonstration of a single species, whose nature is guessed at, must be attempted. If the microscope shows the probability of the presence of that species, matters are simplified. To seek a certain organism one should familiarize himself with a pure strain of that type of organism, or study photographs or drawings of it; verbal descriptions are not of much value. He should also learn the colony form of several strains of the type he desires to obtain. The employment of a medium in which the morphology of the organisms is varied and characteristic is imperative. This laboratory uses chopped meat .medium containing 5 per cent peptic digest broth (pH 7.2) for routine cultivation and this medium excels all other autoclaved media in the above respect. The use of oil over the medium to JOURNAL OF BACTERIOLOGY, VOL. VI, NO. 5 produce anaerobiosis should be avoided whenever possible for routine work, as it interferes with the making of satisfactory smears; for long incubation and under certain circumstances demanded by technical considerations, vaseline will be found very useful. Ghon and Sachs recommend the use of agar for stratification; liquid media should be frozen before the agar is poured.
Heating. To free sporulating organisms from non-sporulating organisms heating is always resorted to. Heating of inoculum may be performed in one of two ways. Heavily inoculated media may be heated to 800 in a water bath for fifteen to thirty minutes. This method is highly inaccurate, especially in case pasty media are used, but it serves on occasion. Or the material to be inoculated may be heated in a Pasteur pipette after the following fashion:
Sera, exudates, and muscle extracts should be diluted with sterile saline. Cut the end of a Pasteur pipette off square with a file, flame it, then draw up the inoculum for about two inches by capillary attraction, and seal the pipette with less than a quarter of an inch of air space between the tip and the liquid. To kill non-spoi ulating organisms heat in a waterbath for ten minutes at 70°to 720. Then flame the pipette above the inoculum to kill organisms that may have been above the water-line, mark the tip in several places with the file or diamond, slowly flame the tip, insert it in the tube of fresh medium, flame a pair of light forceps and with them break the tip of the pipette against the inner wall of the tube and expel the material.
If a worker is certain that the type of sporulating anaerobe desired is always highly resistant to heat, he may use higher temperatures, in the neighborhood of 1000C. for heating his cultures.
Dr. K. F. Meyer informs me that he has repeatedly employed this method with success in the isolation of Bacillus botulinus. Von Hibler sowed mixtures containing such organisms, and even less resistant ones, directly into hot agar. Some strains of B.
botulinuws and of Novy's bacillus are highly resistant to heat.
1. To segarate non-sporulating anaerobes from aerobes 1. Heat to 56°-58°for five or ten minutes. This occasionally serves the purpose.
2. Try to induce sporulation by growing the mixture on alkaline sugar-free medium, such as alkaline egg, or serum medium (von Hibler, 1908, p. 189) . When the anaerobes form spores, heat. This procedure is a sure method of freeing B. Welchii from ordinary aerobes: incubate for four days. This organism is found in a sporulating condition in soil and in fecal material.
3. Try a pathogenicity test. If the organism sought is pathogenic it may be recovered in pure culture from the animal tissues. Use this method for B. Welchii, B. egens, B. fallax. 4. Use selective media. For the Welch bacillus use milk or 1 per cent glucose broth. Inoculate it with a pipette, a fresh tube of medium every twelve hours if possible.
5. Use good anaerobic methods. Cultivate the material on meat medium in strict anaerobiosis, inoculate in agar dilution tubes that have been thoroughly boiled, and fish the colonies. This technique is described on page 461. 6. Northrup suggests the use of a 25-cc. burette, in which the organisms of an inoculated mixture will, on short incubation, sort themselves out, the aerobes growing above, the anaerobes below, where they may be drawn off through a stopcock. II. To separate non-sporulating anaerobes or reluctantly sporulating anaerobes from other sporulating anaerobes 1. Use selective media, milk, with short incubation periods, for B. Welchii.
2. Use animal inoculation. 3. Use shake cultures. 4. Use semi-anaerobiosis: The non-sporulating anaerobes are naturally more resistant to oxygen than the sporulating ones.
Aside from B. Welchii this sort of organism is rarely soughtafter or noticed. Few non-sporulating anaerobes are described, and the group has been generally neglected, but careful methods show that non-sporulating anaerobic rods and cocci are not uncommon. III. To separate either variety of anaerobes from sporulating aerobes Sporulating aerobes are rather infrequently found in pathological material. One meets them frequently, however, in a medium that has been insufficiently sterilized. My encounters with sporulating aerobes have been so rare that it would be wise to recommend that a worker always go back to the original material and test it for the presence of any sporulating aerobe that he finds in a culture with which he is working. Avoid sporulating aerobes, do not contaminate cultures with them, and isolate the anaerobes from the original material again.
1. Sporulating aerobes are of two classes: strict aerobes (any good anaerobic technique followed by a colony method wir free a culture of these) and facultative anaerobes. I have never encountered a sporulating facultatively-anaerobic aerobe that grew better under strictly anaerobic conditions than its accompanying anaerobes. Any strictly anaerobic colony method that will separate anaerobes from each other will separate them from aerobes. In my experience trouble with abundantly growing aerobic organisms denotes faulty anaerobiosis: the presence of a small amount of oxygen that permits the undue multiplication of the aerobes. My experience has, however, been almost entirely with pathological material and I may have failed to meet with the most troublesome aerobic organisms.
2. Kitasato and Weyl found that anaerobes were less sensitive to pyrocatechin, chinon, sodium formate, and sodium sulphindigotate than were the aerobes causative of cholera, typhoid and anthrax. Rivas continued this type of investigation.
3. Churchman has investigated the inhibitive effect of gentian violet on aerobic growth. Hall recommends the use of gentian violet in a dilution of 1:100,000 to separate sporulating aerobes from anaerobes. This, I should think, would work very well for the heavy Gram positive organisms of the B. subtilis group, provided the desired anaerobe is not of the same nature.
4. The spores of aerobes may sometimes be satisfactorily germinated in broth in a Petri dish, the broth being then heated and inoculated into agar. This diagram shows that if proteolytic early-sporulating organisms are absent, as is frequently the case, a saccharolytic form may be isolated or be rendered relatively far more abundant by heating eighteen to twenty-four-hour cultures successively. I have had mixtures of B. sporogenes and organisms of the blackleg group that were not pathogenic for guinea-pigs because of the scarcity of B. Chauvoei. Two successive heatings and inoculations made blackleg the predominant organism and the culture was highly pathogenic. This method is also excellent for organisms of the vibrion-septique group and for many nop-pathogenic saccharolytic bacteria, as well as the early-sporulating proteolytic ones.
II. Selective media. Isolation methods usually depend on securing a predominance of the organism sought. To increase the relative numbers of an organism with whose nature one is familiar, a medium should be selected on which the organism grows best. For saccharolytic species mixed with proteolytic ones, use sugarcontaining media.-Meat medium plus 1 per cent glucose is good, meat medium not neutralized in the making is also good. Ordinary meat medium, the culture being taken early in its development, is usually sufficiently selective. Sugar media selective for certain groups may be used, if the number of cultures to be isolated warrants the investigation of the sugars split by that group. I have found that culture in casein-digestliver-broth renders blackleg the most able guinea-pig invaderin ablackleg-vibrion-septique mixture. To increase the percentage of proteolytic organisms use meatmedium or brain medium in a culture two to four days old, or even older; or employ themediumofAchalme-Passini, salt solution or broth containing cubes of egg-white; or use serum medium or other sugar-free media; or a medium made up at pH 8.0 or above. For an organism whose morphology interests one andwhosenature is not known, experiments should be tried with various media, and the behavior of the mixture should be studied. Under laboratory conditions certain types always tend to disappear from mixed cultures. It must be kept in mind that conditions must exist in nature which favor the multiplication of such species or they would have died out long ago. For such organisms try media of vegetable origin.
In taking samples of pathological material enrichment with the tissue in which the organisms. are found is advisable. Schottmuller isolated septicemic streptococci in blood-glucose agar shakes. The many tissue-containing media favor the growth of pathogens. (Media summarized by Pfuhl.) Tunnicliffe used serum and ascites agar for the anaerobic coccus found by her in measles cases. Plotz and his co-workers added ascites or hydrocele fluid to glucose agar for blood cultures from their typhus patients. Dick and Henry employed blood-glucose agar for the various anaerobes found in the blood of scarlet fever patients. Leucowicz used serum-sugar agar for Fusiformis. Digest media are excellent for anaerobes. A number of such media are discussed by Stickel and Meyer. Serious problems sometimes arise. Thus, B. tetani is particularly difficult to isolate from gross mixtures, as it is not a tissue invader, and because it sporulates later than the organisms that usually accompany it. In case an organism like B. tetani grows excellently on a given medium but its accompanying organisms grow better than it does, try similar selective media of modified reaction, or make use of exhaust media of the type recommended by Tulloch. One may always grow the objectionable species or several species in a medium till growth ceases, filter the medium and then grow the mixed culture in the filtrate. In case this fails one may add a minute quantity of some solid protein for a starter. Tulloch added a bit of rabbit kidney to an exhaust -filtrate and found it highly selective for B. tetani. Von Hibler grew mixtures containing B. tetani on clotted rabbits' blood and stated it to be selective for that organism. But his photographs of the organism show his cultures to have been so badly contaminated that he may have been mistaken. I have found a modification of a medium of Beijerinck's excellent for the enrichment of soil anaerobes (sodium phosphate 0.05 per cent, ammonium sulphate 0.05 per cent, soluble starch 1 per per cent, calcium carbonate 0.5 per cent). The anaerobic flora obtained in such a medium after heating a soil emulsion is very different from that obtained in meat or other media of complex composition. By fishing large lenticular or modified lenticular colonies from 2 per cent agar shakes of this medium which have been incubated for four days, the large butyric acid bacteria of the genus Clostridium may be isolated with comparative ease. Winogradsky (1902) recommends the use of media free of fixed nitrogen for the isolation of nitrogen fixing anaerobes ( Clostridium Pastorianum); this medium is described by Fred (1916) and Bredemann used it for the isolation of his Bacillus amylobacter which he considers to be the same organism as Winogradsky's. Milk may also be used as an enrichment medium for many organisms of this genus. Omeliansky (1904) describes the following method for enriching cellulose fermenters: Place in a long-necked flask any cellulose substance, paper, cotton, flax; add chalk, and fill to the top with water which contains 0.1 per cent ammonium phosphate, 0.1 per cent calcium phosphate, 0.05 per cent magnesium sulphate, and a little sodium chloride. Inoculate with slime or horse manure, cover, and set in the dark. In other publications (1895;
HILDA HEMPL HELLER 1902) he gives other formulae; several are given by Fred. Ankerschmitt used physiological salt solution containing cubes of potato to enrich splitters of hemicellulose. Choukevitch employed 1 per cent pepton broth with 5 per cent starch for starch splitting organisms. Silicate jelly as a substrate for such of these organisms as will not grow on agar is described by Omeliansky (1899) and formulae for similar jellies are given by Fred and by Kuster.
III. Symbionts have been used to enrich certain types of anaerobes. Sturges and Rettger found that B. putrificus flourished best in the presence of Bact. coli, and used the latter as a symbiont for the former. Rhein used Bact. faecalis-alcaligenes as a symbiont for anaerobes, cultivating them in the presence of air: this organism has several advantages. Wilson and Stere describe' a cocco-bacillus which is an excellent anaerobe symbiont.
IV. Another resource is to test the resistance of the desired species to unfavorable circumstances. Thus McCoy and Bengtson of United States Public Health Laboratory isolated many strains of tetanus with great ease by heating toxic strains at 700 for a half hour and inoculating the spores in veal agar dilution shakes. This technique is adverse for an anaerobe, but B. tetani appears to be hardy enough to withstand it. Modified highly acid or alkaline media, or media poor in protein may be used for such purposes. A pure strain of the desired.organism is invaluable in testing out media of this sort. V. Aniline dyes may be used to eliminate certain species of organisms and the possibilities which they offer are almost unlimited.
VI. Selective temperatures may be employed for enrichment of various organisms. B. botulinus was long thought to produce toxin at low temperatures only, because the contaminating organisms in the cultures outgrew it at 37°. Thermophilic organisms are of various types, and are discussed by Bergey. Major W. J. Tulloch tells me that the flora obtained by incubating a mixture of anaerobes in meat medium at 420 is quite different from that obtained at 370, slender, oval end-sporing organisms predominating. It is probable that anaerobic organisms will be found that grow at much higher temperatures than at 420. VII. Separation of organisms before sowing was suggested by Stoddard, who shook his material with sea sand to separate encapsulated or autoagglutinated organisms. Dr. K. F. Meyer tells me that he has found such technique useful in isolating anaerobes from soil and from old meat cultures which had sporulated heavily. Such separation is not necessary when fresh cultures are used.
VIII. Isolation by various colony methods. Because of the confusion that exists as to the purity of cultures of anaerobes, it will be well to study the biological factors involved in the genesis of bacterial colonies. A colony is an aggregation of organisms that are prevented from mixing with other organisms by a physical obstruction. A colony may be defined as follows:
a. From one single organism-the ideal colony for isolation purposes.
b. From two or more organisms descended directly or indirectly from one organism-a satisfactory colony for isolation purposes. c. From two or more organisms of closely related strains-the most undesirable type of colony for isolation purposes.
d. Or from two or more organisms of unrelated strains-an undesirable type of colony for isolation purposes. This type or a contaminated pure colony is sometimes useful in procuring a new proportional mixture of strains.
Broadly speaking a colony may consist of any number of organisms from one to infinity. Technically speaking a colony consists of the organisms confined within a certain radius inside of or on the surface of the mass of colloid gel. For purposes of discussion, let us define a bacterial colony as the uncontaminated descendants of a very small number of organisms, irrespective of the medium in which they are found. It will be realized that this definition covers perfectly the biological factors involved in the derivation of any ordinary agar or gelatin colony.
Colony methods available for the isolation of anaerobes are the following:
I. Agar colonies-von Hibler and older workers used also gelatin.
A. Surface colonies. Isolationfrom surface colonies has been employed by many workers with anaerobes. Veillon and Zuber list a large number of types of anaerobic apparatus, von Hibler (1908) gives a bibliography of various plates and apparatus for purposes of anaerobic culture, Besson's textbook figures a number of arrangements, and Fildes describes various methods at the end of McIntosh's report.
Henry uses plates of agar which he streaks with egg-albumen and incubates in hydrogen. Stoddard uses slants made of the modified egg medium of Stitt, made with tryptic broth and 1 per cent glucose. Zeissler, who at first used glucose agar plates containing human blood for the isolation of anaerobes, later employed horse blood and sheep blood agar plates. Many laboratories now make use of large slants of blood agar, kept under anaerobic conditions for the isolation of anaerobes. Isolation of nitrogen fixing organisms was accomplished by Winogradsky by inoculating cultures on pieces of carrot which he placed in vacuo, and Fribes isolated pectin fermenters on potato slants rubbed with chalk. McIntosh prefers agar slants to plates for isolation procedure. He reiterates: "It cannot here be impressed too strongly on the worker that the purity of a culture can only be tested and controlled by repeated surface cultivation," and he speaks of the Veillon-tube method of continental workers as giving impure cultures. I have used plating occasionally and am familiar with technique necessary to make anaerobes grow on plates. In fact it was the first method for the isolation of anaerobes that I learned to use. It is a perfectly feasible method, but I find it to be less satisfactory than others for various reasons.
The difficulty of regulating the amount of moisture on the surface of the plate or slant is the primary drawback to the use of surface methods. Aerobic cultures differ fundamentally from anaerobic ones in this respect. They are, so to speak, self-regulating in their moisture content. When a plate is poured, the surface of the agar is exceedingly moist, and the organisms planted in it grow rapidly till their growth is inhibited by the drying atmosphere of the incubator. Moisture conditions are fairly uniform in ordinary bacteriological technique; colonies of most species are discrete and characteristic. The colonies, when few, are usually pure; the viable aerobes usually all form colonies, and the method as a whole is easy and practical. But with anaerobes the moisture content of the medium and the moisture on its surface become of great importance. I have known agar in deep tubes of medium, which had given perfect results with blackleg colonies, to refuse to give a growth of blackleg when it was somewhat old and dried out, though the agar had nowhere, as yet, separated from the side of the tube. The addition of sterile distilled water made the medium as fertile a soil as fresh agar. I have encountered aerobes which grow to the surface of the agar of a shake, but not in colonies upon its surface. How much more would dryness affect the growth of the more delicate anaerobic organisms on the surface of a plate! Even the hardy tetanus organisms, which grow well in dry deep agar, often refuse to grow on its surface. In order to produce discrete anaerobic colonies plates must be dried after pouring. They must be dried just long enough and not too long. This period varies with the composition, age and thickness of the agar, with the humidity of the atmosphere, and with the moisture present in the anaerobic jar. It takes time and patience to learn to adjust the period for drying the plates. Then when the culture is sown and the plates are ready to incubate, what have we for anaerobic methods? A variety of available atmospheres for the growth of the organisms almost as great as is the number of workers in the anaerobic field: Hydrogen, carbon-dioxide, nitrogen, illuminating gas, nitrogen-hydrogen-carbon-dioxide and vacuum with varying degrees of moisture, pressure and oxygen present. How can one hope to standar(iize type colonies undersuchconditions? And what, may we ask, is thepropermoisture for the surface of a plate? There is no universal proper moisture. Agar moist enough to grow tetanus will allow the spread ofB. sporogenes till the B. sporogenes has increased a million times more than the tetanus has. Some mixtures of organisms allow isolation of their components by surface methods, and some do not. When discouraged with plates that have dried too long, the worker dries them less, and finds to his joy beautiful discrete colonies, some round and some lobed. He must fish them immediately onto plates or into a deep medium or they may die. But let him beware of a pitfall. Let him hold them to the light without a cover and look between the colonies. A slight film of moisture there may represent a spread of growth which contaminates all his colonies. But such a spread may be difficult or impossible of detection. A fragment of coverslip dropped between colonies may show bacilli. I venture to suggest that it is almost impossible to determine in an agar slant the non-existence of such a thin spread, and such a thin spreading film is far more likely to occur in the confines of a tube than on a plate.
Methods of spreading a culture on a surface do not separate the individual organisms from one another so well as does a shaking in liquid agar-in properly made shakes the colonies are beautifully distributed.
Other minor disadvantages of a surface method are that the plates must be incubated immediately after sowing and be fished immediately after opening; they are usually valueless when reincubated after opening for inspection because of too much drying, and they require the use of more glassware than do deep-tube methods, and also the use of an anaerobic jar or other anaerobic apparatus.
Trhe method of Marino should be recommended for orgaiisms which form minute colonies, and *for demonstration plates. Marino poured inoculated agar in the upper half of a Petri dish, and covered it directly with the inverted lower half, and covered the whole with a larger Petri dish. This method is convenient but not necessary for photographic work, as sections for that purpose may be cut from tubes of agar and may then be mounted between cover and slide. Fehrs and Sachs-Miicke used a similar method, covering the agar with a photographic plate. Krumwiede and Pratt used Marino's method satisfactorily for the isolation of fusiform bacilli, sealing the open crack with wax. Rhein used it with satisfaction for general anaerobic work, pouring a sterile agar layer on either side of the inoculated one. Dick used the method of Rhein, replacing the top dish by a layer of paraffin. All these methods are probably preferable to surface plating for isolation purposes, but are somewhat cumbersome.
Foth complains that the invention of* new anaerobic methods has become a sort of sport. Many procedures are too complicated to use, though most methods will serve well for the cultivation of anaerobes. It would seem as though any method employing sticky black pyrogallic acid and alkali should be avoided, or at least only chosen in the modification of Lentz. Certain workers with surface methods have charged that deep colony procedures do not give pure cultures. Either type of procedure will give pure cultures in the hands of the critical worker and impure ones in the hands of the uncritical one. But I have found in making a large collection of anaerobes that the cultures from laboratories whose isolation procedure was a deep colony method were more often pure than those from laboratories where surface methods were preferred, and I believe that, with the same amount of labor, the same expenditure of time and material, and the same degree of critique, the deep-colony methods are more successful than are surface ones.
Deep-colony methods have been described by the Hesses, by Lib.orius, and by Veillon and Zuber, and they have been used extensively by von Hibler, Burri, and by French workers. Von Hibler (1908) preferred deep colony isolation to plate methods because of the fact that water of condensation was likely to render plates worthless.
The selection of a suitable medium for deep-colony isolation is an essential to its success. For general work the primary requirement is that the nutriment in the medium allow every anaerobe present to grow and form a colony. Otherwise colonies may be fished through agar that contains living invisible organisms of other species, and the most deceptive sort of contamination will take place. The medium should be clear and transparent. Our standard agar medium for routine work is made of beef liver. The usual proportion of one part of meat to two of water gave too active a growth and too much gas. The medium is made as follows:
One part of ground beef liver and four parts of distilled water are infused over night, boiled, and strained. To the broth add 1.5 per cent peptone, 0.5 per cent salt, and for ordinary purposes make up with 2 per cent agar pH 7.2 (faintly alkaline to litmus).
When unusually active gas-producers are present, high dilutions and short (twelve hours) incubation periods are resorted to. Such methods always suffice when rapidly growing species are the ones to be isolated. But when slowly growing species are sought in the presence of actively growing ones, other methods are available. To absorb hydrogen, 1 per cent potassium nitrate may be added to the agar (Veirlon and Maz6). To prevent the colonies of the rapidly growing types from outrunning the others, use 3 per cent agar or old agar that has partially dried out, or pay particular attention to enrichment of the desired species in the inoculum and employ abundant dilution tubes. Do not depend upon any colony method for the isolation of badly contaminated slowly growing tissue invaders, but resort directly to guinea-pig inoculation. For slowly growing non-pathogenic organisms mixed witb rankly growing gas-producers, try a sugar-free agar (von Hibler,1908) .
There is an essential point in the employment of deep colony tubes which must be observed. Otherwise the method js of no more use than any other. Actively growing anaerobes frequently leave their colonies and grow in the agar as though it were a broth. This happens more readily with some types of organisms than with others. B. Welchii is the chief offender and should be avoided by heating whenever possible. A tube in which this phenomenon has occurred is readily identified by holding it to the 460 on December 24, 2017 by guest http://jb.asm.org/ Downloaded from light with a control. Such tubes are to be regarded as "enrichment cultures. " Thus their colonies may be of great use when directly inoculated onto another agar series. They are of no use when inoculated into a liquid medium. The close observation of this phenomenon of " permeating growth " cannot be too earnestly insisted upon.
The deep colonies of anaerobes are highly characteristic. Surface colonies are quite characteristic but are obviously subject to many more outside influences than are deep ones. Often colonies of different strains in the same species are different and sometimes colonies of one type of anaerobe resemble those of an entirely different type. But carefully made agar shakes often give a beautiful picture of the flora of a wound or of a culture. They are very easily observed with a hand lens and may be as closely approached as may surface colonies. Aerobic growth is easily distinguished from anaerobic growth. My routine method of testing for impurity of culture has been to make three dilution shakes on liver agar. The first and second tubes tell whether or not the culture is pure. The third usually furnishes colonies suitable for fishing. I was able to isolate, in two series of three agar tubes each, a strain of oedematiens type that had been overgrown 1: 500 by a vibrion septique.
Technique of sowing and fishing. Boil the tubes of agar for a minute or two, remove them from the water, shake them, boil them a little longer, shake them again to remove the air, then cool them to 45°. Do not boil them for ten or fifteen minutes or the cotton will become saturated with moisture. For ordinary purposes use three tubes to each culture. For new and important material of doubtful nature or for shyly growing organisms among rankly growing ones, use more tubes. Inoculate tube 1 with oneloopful of culture and roll it, tip it, and roll it four or fivetimes. Take a Pasteur pipette' of large bore, flame it, draw up agar of tube 1, expel it, draw up fresh agar and expel it into tube 2. For cultures containing abundant organisms, give tube 2 2 inches of agar measured in thecapillaryportionofthetube. Forordinarycultures give 5 inches, for B. Novyi, etc., give about two capillaries full. Place the inoculum throughout the length of the agar while withdrawing the pipette, but do not blow air into the agar of tube 2. Roll tube 2. Flame the Pasteur pipette. By means of it place agar from tube 2 in tube 3 to the amount of 0.5 to 1 inch on the upper or thick portion of the Pasteur pipette. Roll the tub:oC Incubate aerobically at 37°. If actively growing species,are present, incubate twelve hours. Otherwise incubate eighteen to twenty-four hours. For blackleg, clostridia, and unknown shy types, incubate four days. Examine the colonies with a hand lens. Look for permeating growth. It is better, in fishing from a tube containing more than one type of colony, to fish once more onto a series of agar tubes. Final isolation should be made from colonies of mixed cultures. Study the tubes carefully with a hand lens, noting minute colonies and aerobic growth. Select the tube to be fished, and, if possible, select the colonies desired. Take a wellmade, strong Pasteur pipette of fairly large bore, bend it at right angles where the capillary begins, break the tip, flame the whole capillary. Remove the plug from the tube and loose fibers of cotton from its opening, insert the Pasteur pipette along the side to the bottom, remove and empty it of agar; re-insert it, and blow the whole column of agar into a sterile Petri dish. The large Pasteur pipette may be used many times. One-half Petri dish serves for each tube. Take a short-stemmed Pasteur pipette, hold it in the flame, draw the capillary out to a hair-like tube, and break it off fairly short. Suck up the desired colony and expel it into a tube of meat medium or tube 1 of another agar series. Draw out the pipette again, flaming it well, and use it to isolate two orthreemore colonies. Other workers employ other methods, which are probably as good. Burri (1902) recommends the use of tubes open at both ends with an autoclaved rubber stopper placed in the lower end. Some use the loop only for purposes of dilution. Some heat the end of the test tube and expel the agar column by force of the steam thus generated. It is necessary to break the tube at the bottom only when an aerobe is present. Burke used a dissecting lens with stand for fishing colonies; Dr. Meyer finds a binocular a great help in some cases. He sections the agar with a sterile blade when researching for minute colonies that are rare. Some workers prefer to attach a rubber tube or a teat to the pipette used in fishing. It is theoretically wrong to fish the colonies from the top of the column of agar without removing it from the tube, because the capillary may pass ungerminated organisms, but such a method might prove practical when used with discretion. Some workers fish the colonies with a platinum needle, but this would hardly prove as satisfactory as a pipette method.
Methods of single-bacillus isolation. Isolation of a single bacillus has been resorted to for the separation of anaerobes. Miss Robertson found that the India-ink method of Burri (Besson 1913) exposed the organisms too much and they failed to germinate. I used the Barber method for some time for blackleg and vibrionseptique organisms, and found that the exposure killed vegetative forms and that spores were necessary to give a growth. I fished from apparently pure cultures various numbers of organisms, from one to ten, into meat tubes and used for a type strain the tube that grew and had received the fewest bacilli. I found the method wasteful of time, material, eyesight, and nervous energy, and have abandoned it. My employment of the apparatus was, however, far from being as skillful as that of Dr. Barber. I explained my difficulties to Dr. Barber and he (1920) has made a careful statistical study of the behavior of various anaerobes when isolated by his technique. He was successful when inoculating various media with different anaerobes in securing 62 growths from 400 single bacilli, and 93 growths from 211 single spores. Vegetative rods of vibrion-septique were particularly sensitive to the air. Barber found the semi-solid medium of Ligni6res excellent for securing growth of single anaerobes. Colonies could be secured from spores in a chamber contai ing a Pseudomonas pyocyanea culture.
Malone and Holker have devised pipette methods for single bacillus isolation with which I have no personal experience. It may be that they protect the organisms from air better than does the Barber method. Hecker makes interesting technical suggestions. Hort objects to all methods of single bacillus isolation from liquids and he objects to capillary methods on account of optical difficulties. The method preferred by Hort, the perforated plate method, is too aerobic for our purposes.
IX. Animal inoculation is frequently resorted to for the isolation of anaerobes. The guinea-pig is the best animal for this purpose. It is highly susceptible to infections and also develops very characteristic lesions, of diagnostic value. Animal inoculation is of prime value for recovering pathogens that have been badly overgrown. It is the only way I know of to recover blackleg organisms that have been grossly contaminated. A drop of lactic acid may be used for a second trial, if the first fails. Inoculation of mixtures from the involved tissues of gas-gangrene cases is of course necessary, but it is likely to give misleading ideas as to the flora of those tissues. It is advisable to run deep-colony cultures from various portions of an amputated limb or of material derived from tissue-puncture or from a blood culture, and to inspect the flora of the limb carefully. A culture or smear from the wound itself may give very misleading data as to the etiology of a gangrenous process. I believe that the r6le played by B. Welchii in gas-gangrene nfections has been grossly exaggerated because of the failure of many workers to study carefully the flora from various portions of infected muscle. When the colony method has given pure or apparently pure cultures, inoculate them into guineapig and record results. When immediate identification of pathogens is urgent, examine smears made by puncture from affected tissue remote from the wound. Conjecture the possible types there 464 on December 24, 2017 by guest http://jb.asm.org/ Downloaded from represented, inoculate a series of guinea-pigs with antitoxic or antibacterial sera of the groups probably represented on the smears, in such a manner that for each type of organism there is a guinea-pig immunized against the other types only. Then inoculate the mixed material into all the guinea-pigs. This method was found successful by the Committee. In large war hospitals collections of guinea-pigs immunized by bacterial inoculation have been kept for diagnostic purposes.
It is best to inoculate guinea-pigs in the thigh muscles. Take cultures from various points in the body. The heart-blood culture is usually the most valuable. Oedematiens-group organisms and some other pathogens do not always become septicemic, however. Bifermentans-group organisms and other proteolytic types may become septicemic. Inoculate into another guineapig a culture from the heart-blood in smaller quantity than was used before. If this fails, isolate the proteolytic organism, immunize a guinea-pig with it, then inoculate the mixture. For all animal work keep a careful record of the cultures inoculated, incubation periods, lesions in the animals, and, above all, make constant use of the microscope.
Anaerobic organisms should be sought in the following pathological conditions: Infected wounds (rods or cocci). Gangrene. Oedema.
Emphysema of muscles, connective-tissue, liver or other organs. Haemorrhagic condition of muscles. Pneumonic processes where anaerobic infection is suspected, pulmonary gangrene.
Necrosis of muscle or connective tissue (B. necrophorus et alii).
Injection of serous surfaces, especially in ruminants. Abortion in animals (search foetus for Bact. abortum). Endometritis, post abortum or post partum (Streptococcus). Appendicitis and various ulcerative and suppurative conditions. Tetanus (in absence of wounds and uterine infection, search for peridental infection).
Botulism, intestinal content and wall, liver, spleen, stools from patients.
HILDA HEMPL HETLER
Obscure fevers, measles, scarlet fever. Blood cultures, look for vanous invaders. Rhinitis, Vincent's angina; mucous surfaces.
Make smears of affected tissue, make meat or brain cultures and make at the same time numerous shakes in deep liver-agar. Examine shakes twelve hours after incubation if possible, and examine meat cultures twenty to twenty-four hours after incubation. Blood cultures in broth, meat or agar should always be made, if possible, ante mortem and post mortem. I wish to express my thanks to Dr. Karl F. Meyer for his active interest and co6peration in this work.
SUMMARY
As an aid to the isolation of anaerobes the following notes may be observed:
1. Success in the isolation of anaerobes depends more on the critical sense of the worker than on the method he employs.
2. Microscopic observation should be made of incoming material and of cultures after twenty-four and forty-eight hours' incubation, and the development of a critical eye for the morphology and staining reactions of anaerobes is imperative.
3. Heating of material should be executed according to the logical requirements for that material. Heating at 700 in pipettes is to be recommended for-routine work.
4. A routine medium should be employed which will favor as many diverse forms as possible. Chopped beef heart, preferably containga little peptic digest broth, the reaction at about pH 7.2, presents numerous advantages as a routine medium, for most of the anaerobes studied in a pathological laboratory. If freshly boiled it is usually quite unnecessary to incubate it anaerobically.
5. Selective media may be employed for special purposes, and they offer many possibilities. 6. Isolation by means of guinea-pig inoculation, securing the organism from the heart's blood or from the affected tissues remote from the site of inoculation, is preferable for invading patho-466 on December 24, 2017 by guest http://jb.asm.org/ Downloaded from gens, but may nof be depended upon to give a true picture of the pathogenic flora of the material injected.
7. The making of dilution shakes in deep agar (method of Liborius and of Veillon) is to be preferred to other colony methods; care must be taken to isolate for a type a colony from an apparently pure culture. 8. A medium for dilution shakes should afford an opportunity for growth to just as many species as possible. Such a medium is pepton-liver agar, as described in the text. 9. When once pure, a culture should be carefully kept pure. Re-incubation, prolonged incubation in closed jars, storing in closed cans or in dusty places, are to be avoided. Autoclaved media only should be employed for the preservation of type cultures; one cannot be too careful as to routine technique.
